Introduction
============

Respiratory adverse events (RAE) are the most common perioperative critical events in pediatric patients \[[@B1],[@B2]\]. Several studies have been performed to identify risk factors for RAE in children \[[@B3]-[@B7]\]. Active upper respiratory tract infection (URI) is an independent risk factor for perioperative RAE \[[@B3]-[@B7]\]. While most of these studies have described the association between active or recent URI and RAE, only one study has demonstrated the risk factors of RAE in children with an active URI \[[@B6]\]. One of independent risk factors for RAE in children with an active URI is a use of an endotracheal tube \[[@B6]\]. Meanwhile, an orotracheal tube and maintenance of anesthesia with inhalation agents are known risk factors for perioperative RAE \[[@B4],[@B6],[@B7]\] regardless of the presence of URI.

About 30% of children presenting for elective surgery have an active URI \[[@B4],[@B6]\]. URI is the most common reason for cancellations in pediatric patients \[[@B8]\]. However, cancellation of surgery can have emotional and economic impacts on families of pediatric patients \[[@B8]\]. Therefore, most cases proceed after the parents are warned of the risk. In addition, the previous studies demonstrated that even though an active URI increases the risk of RAE, most children with an active URI undergo the elective procedure safely and without increased morbidity \[[@B6],[@B9],[@B10]\].

Therefore, this study retrospectively evaluated the incidence and risk factors of RAE in pediatric patients who already have known risk factors such as active URI, orotracheal intubation and use of inhalation agents.

Materials and Methods
=====================

After gaining approval from the Institutional Review Board (4-2011-0184), the electronic medical records of 159 pediatric patients who underwent surgery at the Eye and ENT Center of our university hospital from June 2010 to July 2011 were retrospectively reviewed. One hundred twenty one patients received eye surgery, 28 patients received tonsillectomy and adenoidectomy and 10 patients received ear surgey. The selected patients also had at least one of the following symptoms on the day of surgery: clear or green nasal secretion, dry or moist cough, nasal congestion, or fever (≥ 38℃) \[[@B3]-[@B7],[@B11]\]. Parents of the patients were interviewed by anesthesiologist to determine if the patient had any symptoms or potential factors for perioperative RAE (asthma medication within one year, nocturnal dry cough persisting more than two weeks in the past year, history of allergies, atopy and allergic rhinitis, and passive smoking) \[[@B7],[@B12]\]. These symptoms and risk factors were then described in the anesthesia record. For patients with an active URI, lung sounds were assessed before anesthesia.

Upon arrival in the operating room, standard monitoring devices were applied. General anesthesia was induced with intravenous propofol (2-3 mg/kg). Orotracheal intubation was performed after administration of fentanyl (1 µg/kg) and rocuronium bromide 0.3 mg/kg. Anesthesia was maintained with sevoflurane or desflurane in 50% O~2~/air. Extubation was performed when the patient was awake or in a state of deep anesthesia.

Preoperative data (age, gender, body mass index, and American Society of Anesthesiologists class), intraoperative data (type of anesthetic induction, number of intubation attempts, type of inhalation agents, timing of extubation, type of surgery, duration of surgery, and duration of anesthesia) and postoperative data (length of stay in the postanesthesia care unit \[PACU\]) were collected. RAE such as laryngospasm, bronchospasm, oxygen desaturation (SpO~2~ \< 95%) and sustained cough (\> 5 sec) \[[@B3]-[@B7],[@B12]\] were collected during perioperative periods (before induction, during intubation, during extubation, after extubation, and PACU). These events were described in the anesthetic or PACU records.

Statistical analysis was performed using PASW Statistics 18® (SPSS Inc., Chicago, IL, USA) and SAS software 9.1.3 (SAS Inc., Cary, NC, USA). Categorical variables were evaluated by χ^2^ test or Fisher\'s exact test as appropriate. A logistic regression model was used to identify independent risk factors of perioperative RAE. Factors shown to be associated with RAE on univariate analysis (P values \< 0.2) were entered into a multivariate logistic regression model to identify independent risk factors. All values were expressed as mean ± SD or the number of patients (percentage). A P value \< 0.05 was considered statistically significant.

Results
=======

The preoperative characteristics of patients with an active URI are shown in [Table 1](#T1){ref-type="table"}. The mean age of these patients was 5.1 yr old and the minimum and maximum ages were 9 months old and 12 yr old, respectively. Clear nasal secretion was the most common URI symptom. Seventy nine (50%) patients presented with more than one symptom. Forty-nine (31%) patients had potential respiratory risk factors. Passive smoking was the most common risk factor. Six patients had more than one potential respiratory risk factor.

Forty five (28%) patients had RAE during perioperative periods. [Table 2](#T2){ref-type="table"} shows details of RAE. One patient had a laryngospasm and two patients experienced oxygen desaturation, while others had a sustained cough. One patient had both oxygen desaturation and a sustained cough. Some patients had a sustained cough at several points during the follow-up period. RAE tended to occur mainly after extubation. All cases of RAE were mild and easily managed without any drug treatment. Laryngospasm was recovered 100% oxygen and positive pressure ventilation and oxygen desaturation was recovered by jaw thrust and mask ventilation. The length of stay in the PACU was similar in patients with and without RAE (34.3 ± 9.8 min versus 33.1 ± 7.7 min, respectively).

Univariate analysis was performed to identify patient characteristics associated with RAE ([Table 3](#T3){ref-type="table"}). The patients with RAE were younger than those without RAE (4.5 ± 2.5 yr vs. 5.4 ± 2.4 yr, respectively, P = 0.041). Patients with RAE had a greater number of intubation attempts and were more likely to be passive smokers than patients without RAE. The type of inhalation agents and type of surgery were not significantly different between patients with and without RAE. Multivariate analysis was performed to identify independent risk factors of RAE ([Table 4](#T4){ref-type="table"}). Passive smoking was the only independent risk factor of RAE.

Discussion
==========

This study reviewed the perioperative RAE of pediatric patients with an active URI who underwent general anesthesia with an endotracheal tube and inhalation agents. Approximately 25% of the patients experienced perioperative RAE. The most common RAE was a sustained cough and none of the RAE was associated with adverse sequelae. Patients who experienced RAE had a younger mean age, greater number of intubation attempts and were more likely to be passive smokers than patients without RAE. Passive smoking was an independent risk factor for RAE.

Since children suffer an average of six colds per year \[[@B13]\], it is common for an anesthesiologist to meet children with URI. URI is a well-known risk factor for perioperative RAE \[[@B3]-[@B7]\]. Although URI is the most common reason for cancellation of surgery in pediatric patients \[[@B8]\], the issue of whether to proceed or postpone the procedure and how long to postpone it has been a source of debate for many years. Several studies demonstrated that most RAE in children with an active URI were manageable and an active URI was not associated with an increase in morbidity \[[@B6],[@B9],[@B10]\]. In the current study, even though one case of laryngospasm and two cases of oxygen desaturation occurred, these complications were properly managed and not related to long-term sequelae. Considering these results, most patients with an active URI could proceed to surgery since cancellation on the day of surgery can have an emotional and economic impact on the families of pediatric patients \[[@B8]\].

Patients with RAE were significantly younger than those without RAE (4.5 ± 2.5 yr vs. 5.4 ± 2.4 yr, respectively) ([Table 3](#T3){ref-type="table"}). Young age is a well-known risk factor for RAE in children with or without a URI \[[@B3],[@B5]-[@B7],[@B12]\]. Previous studies reported that the mean age of patients with RAE was 4.95 ± 4.67 yr, which is similar to results of the current study \[[@B7]\]. The number of intubation attempts has been previously associated with RAE \[[@B3],[@B7]\]. The results of current study are similar to those of previous studies in that patients with RAE had a greater number of intubation attempts than patients without RAE ([Table 3](#T3){ref-type="table"}).

Multivariate logistic regression analysis indicated that passive smoking is the only independent risk factor of RAE ([Table 4](#T4){ref-type="table"}). This finding is supported by previous results \[[@B4],[@B6],[@B7]\]. Passive smoking is associated with an increased incidence and severity of asthma and airway hyper-reactivity \[[@B14]-[@B16]\]. It is also linked with upper airway cellular and mucociliary dysfunction \[[@B17]\]. In the current study, six patients took asthma medication and two of them were passive smokers. These two patients had RAE. One patient experienced oxygen desaturation after extubation and the other patient had a sustained cough during and after extubation and in the PACU.

Even though some studies have shown that surgery involving the airway is an independent risk factor for RAE \[[@B6],[@B7],[@B12]\], the incidence of RAE was not higher in airway related surgery in the current study. In accordance with previous results \[[@B5]\], extubation in an awake state or under deep anesthesia was not related to RAE ([Table 3](#T3){ref-type="table"}).

While some studies have demonstrated that copious nasal secretion and congestion are independent risk factors for RAE \[[@B4],[@B6]\], another study showed no association between any particular symptoms and the rate of RAE \[[@B5]\]. In the current study, six symptoms - clear or green nasal discharge, dry or moist cough, nasal congestion, or fever (≥ 38℃) - were evaluated and there were no significant relationships between any individual symptom and perioperative RAE ([Table 3](#T3){ref-type="table"}). Seventy-nine patients (49.7%) patients had more than one symptom. The incidence of RAE was not different between the patients with one symptom and those with more than one symptom (26.2% vs 30.4%, P = 0.563)

Most cases of RAE occurred after extubation ([Table 2](#T2){ref-type="table"}). One case of laryngospasm also occurred after extubation in 2 yrs and 2 months old male patients undergoing eye surgery. It was reported that laryngospasm tend to occur mainly after extubation \[[@B18]\]. The incidence of laryngospasm is 0.78-5% depending on surgical type, age, pre-existing conditions, and anesthetic technique \[[@B19]\]. In the previous studies with children, the incidences of laryngospam are 1.4 to 4.2% \[[@B3],[@B6],[@B7],[@B12]\]. The independent risk factors for laryngospasm in children are known as male gender, presence of URI, airway anomaly and congenital heart disease \[[@B20]\]. In the current study, the incidence of laryngospasm was 0.63%. There may be several reasons for the lower incidence of laryngospasm in this study even though all patients had active URI. First, none of the patients was less than 3 months old which increases the incidence of laryngospasm \[[@B19]\]. Second, we only included patients with an endotracheal tube. While some studies demonstrated that endotracheal tube increased RAE when compared with laryngeal mask airway (LMA) \[[@B4],[@B21]\], other studies showed that LMA increased RAE when compared with endotracheal tube \[[@B11],[@B20]\]. Therefore, the incidence of laryngospasm in previous studies \[[@B3],[@B6],[@B7],[@B12]\] including both endotracheal tube and LMA could be different that of this study. Lastly, all cases in this study were performed during day time and none of cases was an emergency. Therefore, the extubation was performed by a staff or senior resident who had an experience of pediatric anesthesia. Indeed, the incidence of RAE is dependent on the experience of an anesthesiologist \[[@B7],[@B12]\].

There are some limitations in this study. One is that the data were collected retrospectively and there is possibility that some of data were not recorded in the anesthesia record. The other limitation is that even though we selected patients who had at least one of the symptoms of clear or green nasal secretion, dry or moist cough, nasal congestion, or fever (≥ 38℃) according to the previous studies \[[@B3]-[@B7],[@B11]\], these symptoms are not specific for URI. Therefore it is possible that the patients who didn\'t have URI could alter results.

In conclusion, passive smoking is the independent risk factor for RAE in children with a URI who underwent general anesthesia with an endotracheal tube and inhalation agents. Most pediatric patients with a URI can proceed with surgery without severe complications.
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Preoperative Patient Characteristics

![](kjae-65-136-i001)

Values are mean ± SD or the number of patients (percentage). URI: upper respiratory infection, BMI: body mass index, ASA: American Society of Anesthesiologists.
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Details of Perioperative Respiratory Adverse Events
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Values are number of patients that experienced RAE. PACU: postanesthesia care unit. Oxygen desaturation is defined as SpO~2~ \< 95%. Sustained cough is defined as a cough lasts more than \> 5 sec.
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Univariate Logistic Regression Analysis for Risk Factors Associated with Perioperative Respiratory Adverse Events
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RAE: respiratory adverse events, CI: confidence interval, BMI: body mass index, ASA: American Society of Anesthesiologists.
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Multivariate Logistic Regression Analysis for Risk Factors Associated with Perioperative Respiratory Adverse Events
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CI: confidence interval.
